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SYNTHETIC ANTI-PARALLEL SPIN VALVE,
HAVING IMPROVED ROBUSTNESS, AND
PROCESS TO MANUFACTURE IT

FIELD OF THE INVENTION

The 1nvention relates to the general field of magnetic disk
systems with particular reference to GMR based read heads
and the stability of pinned layers therein.

BACKGROUND OF THE INVENTION

The principle governing the operation of magnetic read
heads 1s the change of resistivity of certain materials 1n the
presence of a magnetic field (magneto-resistance). In
particular, most magnetic materials exhibit anisotropic
behavior 1n that they have a preferred direction along which
they are most easily magnetized (known as the easy axis).
The magneto-resistance effect manifests itself as an increase
1n resistivity when the material 1s magnetized 1n a direction
perpendicular to the easy axis, said increase being reduced
to zero when magnetization 1s along the easy axis. Thus, any
magnetic field that changes the direction of magnetization 1n
a magneto-resistive material can be detected as a change 1n
resistance.

The magneto-resistance effect can be significantly
increased by means of a structure known as a spin valve. The
resulting increase (known as Giant magneto-resistance or
GMR) derives from the fact that electrons in a magnetized
solid are subject to significantly less scattering by the lattice
when their own magnetization vectors (due to spin) are
parallel (as opposed to anti-parallel) to the direction of
magnetization of the solid as a whole.

The key elements of a spin valve structure are shown in
FIG. 1. In addition to a seed layer 12 on a substrate 11 and
a topmost cap layer 17, the key elements are two magnetic
layers 13 and 15, separated by a non-magnetic layer 14. The
thickness of layer 14 i1s chosen so that layers 13 and 15 are
sufficiently far apart for exchange effects to be negligible
(the layers do not influence each other’s magnetic behavior
at the atomic level) but are close enough to be within the
mean Iree path of conduction electrons in the material.

If, now, layers 13 and 15 are magnetized 1n opposite
directions and a current 1s passed though them along the
direction of magnetization (such as direction 18 in the
figure), half the electrons in each layer will be subject to
increased scattering while half will be unaffected (to a first
approximation). Furthermore, only the unaffected electrons
will have mean free paths long enough for them to have a
high probability of crossing over from 13 to 15 (or vice
versa). However, once these electron ‘switch sides’, they are
immediately subject to increased scattering, thereby becom-
ing unlikely to return to their original side, the overall result
being a significant increase 1n the resistance of the entire
structure.

In order to make use of the GMR effect, the direction of
magnetization of one the layers 13 and 15 i1s permanently
fixed, or pmned. In FIG. 1 it 1s layer 15 that 1s pinned.
Pinning is achieved by first magnetizing the layer (by
depositing and/or annealing 1t 1n the presence of a magnetic
field) and then permanently maintaining the magnetization
by over coating with a layer of antiferromagnetic material,
or AFM, (layer 16 in the figure). Layer 13, by contrast, is a
“free layer” whose direction of magnetization can be readily
changed by an external field (such as that associated with a
bit at the surface of a magnetic disk).

The structure shown 1n FIG. 1 1s referred to as a top spin
valve because the pinned layer 1s at the top. It 1s also possible
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to form a ‘bottom spin valve’ structure where the pinned
layer is deposited first (immediately after the seed and
pinning layers). In that case the cap layer would, of course,
be over the free layer.

As discussed above, the pinned layer (typically CoFe or
similar ferromagnetic material) in the spin valve structures
has to be exchange-biased by an AFM material. When
pinned by MnPt or NiMn (AFM materials with high block-
ing temperature), the pinned layers usually display large
anisotropy. The anisotropy field, Hck, 1s comparable to the
pinning field Hpin, both these parameters being distributed
over a range of values. These features result in pinned layer
loop open and instability. This problem 1s more severe for

the N1Cr or NiFeCr seeded SVs 1n comparison to Ta seeded
SVs.

It 1s also known that SVs made of a synthetic anti-parallel
pinned layer (SyAP) can significantly reduce the loop open
in the pinned layer. The pinning strength of a SyAP SV 1s
much higher than that of the regular single SV. Typically, the
device contains two anti-parallel layers AP1 and AP2 (AP2
being the layer closest to the AFM). These two layers are
then coupled together through a layer of Ru and rotate
coherently. This causes the Hck eifect from AP2 to be
oreatly reduced. While this approach 1s a definite 1mprove-
ment on the state of the art, the devices tend to exhibit loop
opens (hysteresis) and are susceptible to damage from soft
ESD (electrostatic discharges).

It 1s possible for a device to be subjected to an ESD event
during manufacturing. During such an event, the sensor
temperature rises and there 1s also an 1nduced magnetic field
acting on the pinned layer, due to the large ESD current

which 1s often as high as 10-50 mA. ESD damage can be
categorized as:

a. Excessive temperature rise during the ESD event—the
head resistance increases and 1s permanently damaged
due to inter-diffusion and cannot be recovered. We refer

to this as “hard” ESD

b. The temperature rise 1s too low for significant inter-
diffusion to occur and head resistance does not
increase. However, the ESD induced magnetic field
may be counter to the pinned layer magnetization and
cause pinned layer magnetization rotation, resulting in
signal loss, scattering of device properties etc. For most
of these cases, 1t 1s possible to recover layer rotation.
We refer to this as “soft” ESD. A key aspect of this
problem 1s that if there 1s no loop open 1n the R-H
curves, “soft” ESD will cause less damage to the head.

A routine search of the prior art was conducted. The

following publications of interest were found:

1.S. Mao et al, “NiMn-pinned spin valves with high pinning
field made by 1on beam deposition” Appl. Phys. Lett
69(23)(1996)3593.

2. H. Kishi et al, “Study of exchange-coupled bias field in
NiFe/PdPtMn thin films” IEEE Trans. Magnetics. V32(5)
(1996)3380

3. M. Saito et al, “PtMn single and dual spin valves with
synthetic ferrrmagnet pinned layers”, J. Appl. Phys. V85
(8)(1999)4928

4. M. Saito et al, “PtMn spin valve with synthic ferrimagnet
free and pinned layers” J. Appl. Phys. 87(2000)6974

5. C. Horng et al.“Low field annealing for the spin valves
biased by synthetic antiferromagnets”. Application Ser.
No. 09/458,727, filed Dec. 13, 1999.

And the following patent references of interest:

U.S. Pat. No. 5,751,521 (Gill) shows a synthetic ferri-

magnetic layers (e.g., Ru spacer). U.S. Pat. No. 5,856,897
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(Mauri; shows a dual SV sensor with Ru spacers. U.S. Pat.
No. 5, 408,377 (Gurney et al. and U.S. Pat. No. 6,134,090
(Mao et al.) show related sensors.

SUMMARY OF THE INVENTION

It has been an object of the present invention to provide
a spin valve structure that has greater pinned layer stability
and reduced pinning reversal relative to similar devices of
the prior art.

A further object of the present invention to provide a spin
valve structure that exhibits a minimum amount of loop
opening 1n 1ts hysteresis curve.

Another object of the invention has been to provide a spin
valve that 1s highly suitable for use in high density record-
ing.

Still another object of the invention has been to provide a

process for the manufacture of said spin valve and pinned
layer.

These objects have been achieved by a using a modified
pinned layer that consists of two cobalt 1ron layers separated
by a layer of ruthenium, iridium, or rhodium. A key feature
of the imvention 1s that this spacer layer 1s significantly
thinner (typically 34 Angstroms) than similar layers in
prior art structures. Normally, when such thin spacer layers
are used, annealing fields 1n excess of 20,000 Oersted are
needed to cause the two cobalt 1ron layers to become
antiparallel. The present invention, however, teaches that
much lower annealing fields (spanning a limited range) may
be used with equal effect. The result 1s that a very high
internal pinning field 1s created giving devices of this type
orcater pinned layer stability and reduced pinning reversal.
These devices also exhibits a minimum amount of open
looping 1n their hysteresis curves.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a cross-section of a spin valve structure formed
according to the teachings of the prior art.

FIG. 2 compares the effect on the R-H curve of a spin
valve for several different values of the exchange energy in
an anti-parallel layer configuration.

FIG. 3 1s a plot of exchange energy as a function of
ruthenium layer thickness.

FIGS. 4a and 4b are R-H plots for SV structures before
and after annealing.

FIGS. 4¢ and 4d compare angles of the two antiparallel
layers as a function of applied field.

FIG. 5 1s a cross-section of a spin valve structure formed
according to the teachings of the present invention

FIGS. 6a to 6¢ show R-H curves for devices having 7.5
Angstroms of ruthenium when measured at room
temperature, 150° C., and 250° C. respectively.

FIGS. 7a to 7c show R-H curves for devices having 3.0
Angstroms of ruthenium when measured at room
temperature, 150° C., and 250° C. respectively.

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

It 1s known that SyAP spin valve sensors may have loop
open (hysteresis) in R-H loops, especially, when the AFM
materials are NiMn, MnPdPt, or MnPt. R here 1s the
resistance 1n ohms of the device. As noted earlier, the loop
open 1s related to sensor mstability under field excitation and
“soft” ESD damage. We have found, through simulation,
and confirmed by experiment, that the hysteresis or the
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sensor stability can be significantly improved 1f the
exchange coupling strength between AP1/AP2 can be
increased. FIGS. 2a—c show simulated R-H loops for
devices having the same AP1/AP2 thickness for three dif-
ferent exchange energies. The R-H curves of samples with
large Js (FIG. 2¢) show much less loop open than those with
smaller Js.

It has been found that ultra thin Ru, Rh, or Ir, when used
as nonmagnetic spacers, results in hlgher exchange coupling
energy Js than for the 7.5 A spacing currently practiced for
Ru. As an example, Js as a function of the Ru thickness is
plotted in FIG. 3. It can be seen that a Ru spacer ot 3—4 A
ogrves much higher Js than Ru 7.5 A. The saturation field
(Hs) for a SyAP structure with Ru7.5 that was annealed at
a temperature of 250-280° C. 1s around 6—7 kOe¢. The SyAP
SV is fully annealed to its antiparallel (AP) state by a 10 kOe

field annealing. Hs for the 3—4 A Ru SyAP 1s around 20-25
kOe and 1s even higher for Rh, Ir cases.

Prior work has indicated that 1t 1s necessary to anneal this
type of SyAP SV at very high fields (>20 kOe) 1n order to
cause AP1 and AP2 to be anti-parallel to one another. This
is not practical for application to manufacturing (i.e. wafer
production) so use in practical devices had previously not
been contemplated. In the course of work leading up the
present invention 1t was established that lower fields, 1n a
limited specific range, could actually be used.

F1G. 4a shows the R-H curves ot as-deposited SyAP SVs
with Ru3 A, measured at room temperature. From these R-H
curves, one can see that there 1s a imited low field flat region
where the resistance of the SV 1s at 1ts lowest. This low field
flat region was 1dentified as corresponding to the antiparallel
state of AP1 and AP2’s magnetization, which meant that the
SyAP SV could be annealed within this limited range. FIGS.
4b, ¢, and d show calculated R-H curves and AP1/AP2
angles (the angle between Apl/AP2 magnetization and the
applied field directions) for as-deposited SyAP SV with Ru
at 3 A. The simulation has been found to agree well with
experiment. This confirmed that, 1n the low field flat region,
AP1 and AP2 are 1n fact antiparallel to each other so that the
SyAP SV can be magnetically set 1n this low field region.

Further simulation also showed that the low field flat
region depends on the thickness of AP1/AP2, delta of
AP1/AP2 and Js. Smaller AP1/AP2 thickness, larger AP1/
AP2 delta, and larger Js, all increase the low field flat region.
The use of Ru3—4, Rh, or Ir, as disclosed in the present
invention, with larger Js, increases the low field flat region
and makes possible low field annealing. The high tempera-
ture annealing field 1s estimated from the room temperature
R-H curves i FIG. 4a by taking into account the decrease
of the Js and magnetizations of AP1 and AP2 and was
verified experimentally.

By increasing the Js of AP1/AP2, the signal level from the
head can be improved since AP1/AP2 is pinned more
strongly 1n the vertical direction. Because of this, the linear
dynamic range can be extended.

It 1s also known that magnetic structures with Rh or Ir
spacers have even higher Js between AP1/AP2 than those
with Ru as a spacer. Thus, a SyAP SV with Rh or Ir as a
nonmagnetic spacer between AP1/AP2 can also reduce the
SyAP spin valve 1nstability and improve the performance of
the heads. The Rh, Ir SYAP structures can also be annealed
in low fields for the same reasons as those outlined above for
Ru. Since Js 1s higher for Rh, Ir than thin Ru, the low field

annealing window 1s wider than for thin Ru samples with the
same AP1/AP2 thickness.

We now provide a description of a process for manufac-
turing the spin valve of the present invention. It 1s important
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to note that, since the exchange forces that determine the
behavior of structures such as spin valves operate over very
short distances, the various thicknesses specified in the
claims are critical, as opposed to optimal. A structure having
the same sequence of layers, but one or more thicknesses
outside the claimed ranges, will have different characteris-
fics from the structures disclosed by the present invention.

The process begins with the provision of suitable sub-
strate 11 (as seen in FIG. §5). Examples of suitable substrate
materials include aluminum oxide and silicon oxide. Next,
seed layer 12 of NiCr (nickel-chromium) is deposited onto
substrate 11. This magneto-resistance enhancing layer has a
thickness between about 45 and 60 Angstroms and a com-
position of between about 55 and 65 atomic % nickel. Layer
12, as well as all subsequent layers, was deposited by means
of DC-magnetron sputtering. The use of this material
(instead of, for example, tantalum) is essential if the struc-
ture 1s to exhibit specular reflection at the interfaces.

The next layer to be laid down 1s free layer 13. This 1s a
composite layer ot cobalt-iron and nickel-iron: NiFe(10-30
A)/CoFe(5-15 A) having a composition of between about 77
and 83 atomic % Ni (in the NiFe) and between about 85 and
90 atomic % Co (in the CoFe).

Non-magnetic layer 14, typically copper between about
16 and 25 Angstroms thick, 1s then deposited over free layer
13. On the non-magnetic layer 14 1s deposited layer 21 of
cobalt-iron (CoFe) between about 15 and 30 Angstroms
thick with 20 Angstroms being preferred. This corresponds
to AP1. This 1s followed by ruthenium spacer layer 52,
which, as a key feature of the invention, 1s between about 2.5
and 4 Angstroms thick, with 3 Angstroms being preferred.

Layer 23 corresponds to AP2 and 1s CoFe deposited onto
ruthenium layer 52 to a thickness between about 15 and 30
Angstroms, with 15 Angstroms being preferred. The depo-
sition phase of the process concludes with the deposition of
MnPt layer 16 onto layer 23, to a thickness between about
70 and 200 Angstroms, with 120 Angstroms being preferred,
followed with the deposition of NiCr capping layer 17 to a
thickness between about 20 and 40 Angstroms, with 30
Angstroms being preferred.

Then, 1n another key feature of
1s annealed 1n a magnetic field between about 1,500 and
2,500 oersted at a temperature between about 250 and 280°

C. for between about 5 and 8 hours.

In alternative embodiments of the mvention, the ruthe-
nium 1n layer 52 1s replaced by 1ridium or rhodium with the
iridium being between about 2.5 and 4 Angstroms thick and
the rhodium being between about 4 and 6 Angstroms thick.
Annealing for these configurations was in a magnetic field
between about 1,000 and 3,000 oersted at a temperature
between about 250 and 280° C. for between about 5 and 8
hours for 1iridium and m a magnetic field between about
2,000 and 4,000 oersted at a temperature between about 250
and 280° C. for between about 5 and 8 hours for rhodium.

the 1nvention, the structure

Experiments Done to Confirm Performance of
Invention

SyAP configurations of NiCr/NiFe/CoFe/Cu/CoFe/Ru/
CoFe/MnPt/N1Cr were used to verily the simulated results.
Sample A: CoFe20/Ru7.5/CoFel5 was annealed 1in 10 kOe
oven and sample B: CoFe20/Ru3/CoFel5 was annealed 1n
low field 2 kOe. A £200 O¢ annealing ficld window was
found for sample B configuration. FIGS. 6a—c shows the
CoFe20/Ru’/.5/CoFel5 sample’s R-H curves, measured at
room temperature, 150° C., and 250° C. respectively, while
FIGS. 7a— shows that of the CoFe20/Ru3/CoFel5 sample

(measured at the same three temperatures).
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It 1s seen that the Ru3 sample has much better R-H curves
than the Ru7.5 sample and that loop open was significantly
reduced in comparison with sample A. The Ru3 sample has
a hysteresis-free R-H curve and a very high internal pinning
field (6,000 Oe) even at temperature as high as 250° C. With
this kind of hysteresis-free R-H curves, pinned layer related
instability, pinning reversal and “soft ESD”, etc can all be
reduced.

While the imnvention has been particularly shown and
described with reference to the preferred-embodiments
thereof, 1t will be understood by those skilled in the art that
various changes 1n form and details may be made without

departing from the spirit and scope of the invention.
What 1s claimed 1s:

1. A process for forming a magnetically pinned laver,
comprising:

providing a partially formed spin valve, icluding a

non-magnetic layer on a magnetically free layer;

on said non-magnetic layer, depositing a first magnetic

layer;

on said first magnetic layer, depositing a spacer layer to a

thickness that 1s less than 6 Angstroms;

on the spacer layer, depositing a second magnetic layer;

on the second magnetic layer depositing a pinning layer

and then a capping layer; and then

annealing all layers 1n a magnetic field that i1s less than

about 5,000 oersted at a temperature less than 280° C.,
whereby said first and second magnetic layers become
aligned relative to one another 1n a magnetically anti-
parallel configuration and a very high internal pinning
field 1s generated.

2. The process of claim 1, wherein the spacer layer is
ruthenium deposited to a thickness between about 2.5 and 4
Angstroms and the step of annealing all layers further
comprises heating in a magnetic field of between about
1,500 and 2,500 oersted at a temperature between about 250
and 280° C. for between about 5 and & hours.

3. The process of claim 1 wherein the spacer layer 1s
iridium deposited to a thickness between about 2.5 and 6
Angstroms and the step of annealing all layers further
comprises heating 1 a magnetic field of between about
1,000 and 3,000 oersted at a temperature between about 250
and 280° C. for between about 5 and 8 hours.

4. The process of claam 1 wherein the spacer layer 1s
rhodium deposited to a thickness between about 4 and 6
Angstroms and the step of annealing all layers further
comprises heating in a magnetic field of between about
2,000 and 4,000 oersted at a temperature between about 250
and 280° C. for between about 5 and & hours.

5. The process of claim 1 wherein said very high internal
pinning field 1s between about 5,000 and 8,000 oersted.

6. A process for manufacturing a spin valve structure,
comprising the sequential steps of:

providing a substrate and depositing thereon a NiCr seed
layer;

on said seed layer, depositing a free layer of a first layer
of cobalt-iron and then depositing a layer of copper on
the free layer;

on the copper layer depositing a second layer of cobalt-
iron between about 15 and 25 Angstroms thick;

depositing on the second layer of cobalt-iron a spacer
layer that 1s less than about 6 Angstroms thick;

on the spacer layer, depositing a third cobalt-iron layer to
a thickness between about 15 and 25 Angstroms;

on the third cobalt-iron depositing a layer of manganese
platinum followed by the deposition on the manganese
platinum layer of a NiCr capping layer; and
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annealing all layers 1n a magnetic field that 1s less than
about 5,000 oersted at a temperature less than 280° C.,
whereby said second and third layers of cobalt iron
become aligned relative to one another 1n a magneti-
cally anfti-parallel configuration and an internal pinning
field 1s generated.

7. The process of claim 6 wherein the spacer layer 1s
ruthenium deposited to a thickness between about 2.5 and 4
Angstroms and the step of annealing all layers further
comprises heating 1n a magnetic field of between about
1,500 and 2,500 oersted at a temperature between about 250
and 280° C. for between about 5 and 8 hours.

8. The process of claim 6 wherein the spacer layer 1s
iridium deposited to a thickness between about 2.5 and 4
Angstroms and the step of annealing all layers further
comprises heating 1n a magnetic field of between about
1,000 and 3,000 oersted at a temperature between about 250
and 280° C. for between about 5 and 8 hours.

10

15

3

9. The process of claim 6 wherein the spacer layer 1s
rhodium deposited to a thickness between about 4 and 6
Angstroms and the step of annealing all layers further
comprises heating in a magnetic field of between about

2,000 and 4,000 oersted at a temperature between about 250
and 280° C. for between about 5 and 8 hours.

10. The process described 1n claim 6 wherein said layers
of cobalt-iron contain between about 85 and 95 atomic %
coballt.

11. The process described in claim 6 wherein said layers
of NiCr contain between about 55 and 65 atomic % nickel.

12. The process described 1n claim 6 wherein said man-
ganese platinum layer 1s deposited to a thickness between
about 70 and 250 Angstroms.

13. The process described 1n claim 6 wherein said man-
cganese platinum layer contain between about 50 and 60
atomic % manganese.
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